Becmuuk Jlonckozo zocydapcméennozo mexnuyeckozo yHueepcumema. 2019. T. 19, Ne 2. C. 113-119. ISSN 1992-5980 eISSN 1992-6006 
Vestnik of Don State Technical University. 2019. Vol. 19, no. 2, pp. 113-119. ISSN 1992-5980 eISSN 1992-6006 





MEXAHHKA 
MECHANICS 


YK 539.375.6 





https://doi.org/10.23947/1992-5980-2019-19-2-113-119 





K Bonpocy 06 oco6eHHocTAX MeXaHH3MOB YIPOUHeHHA B MeTaJWIM4ecKOH MaTpH4HOn 


KOMI03H000 


aE 
M. H. Caconosa’, E. A. Apxanresnckan’, A. A. Dexoros® 
'23 Cepepo-Boctounsiii tbeylepambuemt yaupepcutet um. M. K. Ammocora, r. Axytcx, Poccutickat Denepanna 


* . . . . . eye hail 
On specifics of hardening mechanisms in metallic matrix composition 


M. N. Safonova’, E. A. Arkhangelskaya’, A. A. F edotov’ 


'23North-Eastern Federal University, Yakutsk, Russian Federation 


Beedenue. DyHKYMOHAIBHBIe CBOMCTBA aJIMa3HBIX TOPOLIKOB 
OOYCIOBNICHLI MaciuTaOHbIM CTPyKTYpHbIM (akTOpoM, I0- 
CKONbKy OH BMAeT Ha (OpMupoBaHve CTpyKTypHoO- 
YYBCTBHTCJIBHBIX MCXAHH4eCKHX CBOMCTB — lIpeyeu0B mpo4- 
HOCTH WM TekyyecTH. Y4HTbIBAaX KaYeCTBCHHYIO KOpPpesIALHI0 
M@*KY UpeesioM TeKy¥eCTH HW TBepAOCTbIO, MO2KHO IIpOrHo- 
3HpOBaTb MOBbIMICHHe TBEPOCTH, B TOM 4HCJIe BbICOKOTBep- 
IbIX MaTepHasios. 

Mamepuaavi u memoovi. PaccMoTpeHbl, CHCTeMaTH3HpOBaHBbI 
Wf TipeACTaBJIeHbI B BUe TaOIMIbI PU3H4ecKHe XapakTepHcTH- 
KH OCHOBHBIX THIOB HallOJIHHTesIe, BXOJALIHX B COCTaB 
ynpounutenei. B KayecTBe CBA3KM HCIOJIb30BaHa OJIOBAHH- 
ctaa OpoH3a M2-01 (20 mac. % osoBa, 80% mequ). B Hee 
WoOaBiaM yIbTpaqvcriepcHEi mpuposHEi amma3 (Y JIA, 
0,5—4 mac. %), a Takoke TOpOWIKH MpHpoyHoro asmas3a (Pppak- 
yun 3/2 Mx, 7/5 MKM, —40 MKM), NoJlyYeHHbIe pH Mepepa- 
OoTKe aIMa30B Ha peazmpuarun OAO «CaxazaiimMoHm». 
Ha3BaHHble MaTepHalibl W3TOTaBJIMBasIMCch Ha JpoOMsIbHO- 
KulaccCHUKalHOHHOM OOopy0BaHHN HW BHOpocTomax. CTaquu 
TIOMYYCHHA MOPOWKOB (UKCHpOBaIIMCb C MOMOLIbIO pacTpo- 
BOHM 9JIeKTpOHHOM MuKpockonuu. Ja KnaccuiukalHu ali- 
Ma3HBIX HOPOWIKOB M0 3epHHCTOCTH TpHMeHAIM BHOpocutTa. 
@us3vyeckve WH MexXaHHyecKHe XapaKTepHCTHKU V3rOTOBIICH- 
HBIX OOpa3IlOB HCIBITBIBAIM MO CTaHapTHbIM MeTOMKaM. 
JIia B3BeIIMBaHHA MCMONb30BaIM MadopaTOpHble 3IeKTPOH- 
Hble BECbI YeTBepTOrO Kacca BJITS-500. [norHocts onpeye- 
Jiasid MuKpometpoM MK 0-25 mm no TOCT 6507-78. 
PesymbTaTbI uccleqoBanua. Uepe3 dbaxTu4eckylo HW TeopeTH- 
yeCKyIO IJIOTHOCTH paccuHTaHa nopuctocts. BplacHuoc, 
Y4TO C YMCHBUIeHHeM pa3Mepa (pakMH HallouHUTeIA HaOsO- 
WaeTca yiyawieHve (Pu3HKO-MexaHHYecKHX CBOHMCTB CBA3KH, 
MOJMUUMpOBaHHOH asIMa3HbIM TOPOLIKOM. 

Hansryamme Noka3aTeM OTMeYeHEI y OOpa3iloB C HallosHUTe- 
wiemM u3 YJITIA. 

O6cyacdenue u 3axmouenua. B pe3yibTaTe MpoBeqeHHoro 
MCCIIeOBAHHA OTMCYCHO, YTO pacueTHble JaHHbIe OTIMYAOT- 
CA OT 9SKCICPHMCHTAJIbHBIX, T. K. OKa3bIBaloT yBeJIMYeHHe 
ynpouHeHuA MaTepHalla NpOMOpHMOHaJIbHO KOJIMYCCTBY BBO- 
IMMBIX B OObEM YacTHY aiMa3a. BelqBuHYTO MpeqnouoxKeHHe, 


* vv 
PaOota BBIMOJIHeHa B paMKax HHAWMaTHBHOM HUMP. 


Introduction. Functional properties of diamond powders are 
determined by a large-scale structural factor since it affects the 
formation of structurally sensitive mechanical properties — 
stress limit and yield value. Considering the qualitative corre- 
lation between yield value and hardness, it is possible to pre- 
dict an increase in hardness including highly rigid materials. 
Materials and Methods. Physical characteristics of the basic 
types of fillers that make up the reinforcers are considered, 
systematized and tabulated. M2-01 tin bronze (20 wt. % tin, 
80% copper) was used as a bond. Ultradisperse natural dia- 
mond (UDND, 0.5—4 wt. %) was added to it, as well as pow- 
ders of natural diamond (3/2 wm fraction, 7/5 wm, —40 pm) 
obtained through processing diamonds at the enterprise of 
“Sakha Daimond” JSC. The above materials were made on the 
crushing and screening equipment and shaking tables. The 
stages of obtaining powders were recorded using the raster 
electron microscopy. Vibroscreens were applied for the grain- 
size classification of diamond powders. Physical and mechani- 
cal characteristics of the produced samples were tested by 
standard methods. VLTE-500 electronic fourth-class laborato- 
ry balance was used for weighing. Density was determined by 
MK 0-25 mm micrometer according to GOST 6507-78. 
Research Results. Porosity was calculated through the actual 
and theoretical density. It was found that with a decrease in the 
filler size, an improvement in the physicomechanical proper- 
ties of the binder modified with a diamond powder is ob- 
served. The best performance was observed in the samples 
with the UDND filler. 

Discussion and Conclusions. As a result of the study, it was 
recorded that the calculated data differ from the experimental 
data since they show an increase in the material hardening pro 
rata to the amount of the diamond particles introduced into the 
volume. An assumption has been made that the considered 
hardening model (Orowan model) does not take into account 
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YTO pacCMOTpeHHad MOJeIb ympodHeHua (Moe Opopana) 
He Y4HTHIBAecT OOpa30BaHHe yrulepoya HW armoMepaliHto ajiMa- 
30B B Ooslee KPyMHbIe OOBEKTHI B OObE 

Me MAaTPHIIbI Ip MOBBINIeCHHH KOJIMYeCTBa BBOJHMBIX aJIMa- 
30B. Ecnm o6bem yactun YJIIIA nocturaet 3 %, B MaTepHare 
pactTeT coylepxanve yriepoya. B pe3ymbTatTe 4acTHIbI Harol- 
HHTeJIA MOJHOCTBIO H€ OKHCJIAIOTCA, TEM CaMBIM YBeJIMYHBat 
KOJIMYeCTBO Op B MaTepuHalie. 


Kuroyesble C10Ba: CBA3Ka, MeTaJUIM4eCKad MaTpHija, KOMHO- 
3HT, YIPOYHUTeIIb, yIbTpayMciepcHble YacTHUbl, MCXAaHH3MBL 
ynpouHeHHa. 


O6opazey 01a Yumupoeanua: Cadpoxosa, M. H. K sonpocy 06 
OCOOeCHHOCTAX MeXaHH3MOB YIIPOUHeCHHA B MeTasWIMyeCcKOl 


the formation of carbon and the agglomeration of diamonds 
into larger objects in the matrix volume under an increase in 
the number of input diamonds. If the UDND particle volume 
reaches 3%, the carbon con 

tent in the material increases. As a result, the filler particles are 
not fully oxidized, thus increasing the number of pores in the 


material. 


Keywords: bond, metal matrix, composite, hardener, ultrafine 
particles, hardening mechanisms. 


For citation: M.N. Safonova, et al. On specifics of hardenin, 
mechanisms in metallic matrix composition. Vestnik of DSTU 
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Brpegenne. M3BectHo, uTo :bu3MKO-MexaHWyeckHe CBOMCTBA aJIMa3HbIX MOPOWIKOB olpeseumoTca Gobel 
YIeIbHOW MOBEPXHOCTHIO H AMCHepcHOcTb1O 3epeH. B uacTHOCTH, 3TO JeMOHCTpupyeT ypaBHeHue Xomsa — Iletua, 
KOTOPOE BBINOJHAeCTCA B WIMpOKOM JMalla30He pa3Mepa 3epeH (BIIOTb 20 | MKM). DyHKI[MOHAaJIbHbIe CBOMCTBa yKa3aH- 
HBIX MaTepHasloB OOYCJIOBJICHbI MaCIITaOHBIM CTPyKTYPHbIM (aKTOPOM, NOCKOJIBKY OH BIMAeT Ha POpMUpoBaHHe 
CTPYKTYPHO-4YBCTBHUTEJIBHBIX MCXaHH4eCKUX CBOMCTB — MpezesoB WpouHocTu u TexyyecTu [1, 2]. Yuutsrpaa Kaye- 
CTBCHHY!O KOppeJIAI[HIO Mex Ly MpesesOM TeKkydecTH HM TBEPAOCTbIO, MOXKHO IpOrHO3HpOBaTb MOBbIINeHHe TBEPAOCTH, 
B TOM YHCIe BbICOKOTBepABIX MaTepHasIOB: 4M MeJIbYe HallOJIHHTeJIb, TCM MeHbIlIe B HEM edeKTOB — H, COOTBET- 
CTBCHHO, BBIIIIe IPOUHOCTE. 

Marepnaspi u MeTogbI. MexaHu3MbI yIpOuHeHHA B BbICOKOTBepAbIX MaTepHallax 3aBHCAT OT xapakTepa 
B3aMMOJCHCTBHA BBCACHHBIX YACTHIL WIM BOJIOKOH YIPOUHHTesIA C MaTepHasIOM MaTpHIIbI. YcrelwiHoe IpHMeHeHHe 
3bdekta WuchepcHoro ynpouHeHua M0Ka3aHo B [3—6, 7]. pu Takom ynpouHeHHH B MaTepuaslax Co3aeTCaA CTpyKTypa, 
3aTPYAHAFOMIAd TBMWKeHHe TUcIOKalMH. OcobeHHO CHJIbHO MepeyBWKeHHe JMCIOKallMii TOPMO3AT JMCKPeTHbIe YacTH- 
IfbI BTOPOM (a3bl, XapakTepH3yIOWIMecA BbICOKOM MpOUHOCTHIO M TeMIlepaTypoli WaBeHua. C yaeToM AByxda3Holi 
CTPYKTYyPpbI H BbICOKOM TBEPAOCTH MOuyAaeMbIx MaTepHaIOB Cle AyeT ORKUTATb, YTO UX M3HOCOCTOMKOCTS TakxKe OyTeT 
BbIIe, YM Y HeyYMPOUHeCHHBIX MaTepvasoB MaTputtbl. Kpome Toro, JIA H3HOCOCTOMKOCTH KOMIIO3HTOB BaXKHBIM (pak- 
TOPOM ABJIAeTCA IPOUHOCTh rpaHHbl pa3zqea KOMMOHeHTOB. IIpouHas alre3HOHHad CBA3b Ha rpaHulle pa3zyqema obec- 
TICUHBACT MOUYIeHHe KOMIMO3HTA C OOIbINIOM HKECTKOCTHIO H Oosee BEICOKOM CTaTHYecKOl MmpouHoctTsyo [3, 6-8]. 

CormacHo MexaHu3My, OllMcaHHOMy OpopaHoM, paciipeyesieHHble B OObeMe CBA3KH YJIbTpasMclepcHBle 4a- 
CTHIbI aIMa3a BIMAIOT Ha TePOpMallMOHHOe yIpOdHeHHe KOMIO3HINMOHHOTO MaTepHala. BBeyeHHbIe B MaTpHIly 4a- 
CTHIbI JUCHepcHOro HalosHUTeIA TOPMO3AT ABWKeHHe JMCOKalluli B MeTaliIe, YBeIMYHBad CTO IIPOUHOCTh Ip HOp- 
MaJIBHOM WU MOBBIMICHHBIX TeMiepatypax. K Tomy 2Ke OHH MIpescTaBIAIOT COOOM MexaHWyecKoe IpenATCTBve Ha IyTH 
paclipocTpaHeHHA TpelllMHbI, KOTOpad MOXKET MOABUTECA B MATPUIle, M MOBbILMIAaIOT COMPOTHBIIeHHe pa3pyIICHHIO KOM- 
TIO3HI[MOHHOYO MaTepuaa. 

Ene ofHOM XapakTepucTHKO, onpeyemmrollei CB13b aPMMpyrOlllero HallOJHUTeIA MW MaTPUIIbl, ABIACTCA 
TeMUepaTypHbI KOIPMUUMeHT JMHeMHOTO pacuiMpeHua. J[I1 TBEPABIX BeIIeCTB IPH MOCTOAHHBIX JaBJICHHM HU TeMIIe- 
paType KpHTepHeM TepMOMHaMHYeCKOTO paBHOBeCHA ABILACTCA MMHHMYM TlOTeHIMaa (uM 9Hepruu) [uO6ca. Dta 
BeJIMUHHA MOKa3bIBaeT H3MCHeHHe IHEPruu B XOJe XMMHYCCKOM PeakI[HU HW JEMOHCTPUpyeT BO3MOXKHOCTh IpOTeKaHHuAa 
XMMVUeCCKHX peak Mex Ty KOMMOHeHTaMH MaTepuasa [5]. Takum o0pa30M, MHHUMyM W3MeHeHHaA 9Hepruu Tno6ca 
COOTBETCTBYeT YCTOMYMBOMY PaBHOBeCHIO MeXKY KOMIMOHEHTAMH CHCTeMBI (Tabs. 1). 





























Taosmua | 
@Myv3v4ueckne XapakKTepHCTHKU OCHOBHBIX THMOB HanomHUTenet [9, 10, 11] 
BeuyecTBo AG o6p., 298,15, K]2k/Mosb Muxporsepzocts, <10° TemnepatypHaa 
M COCTOAHMe Vi3zmenenne dHepruu Tu66ca Mna ycTOH4HBOCTB, °C 
C (ama3) 2,377 1000 650-700 
W 0 258 3300-3400 
Al,O3 —1582,3 180-220 1500-1700 
BN —226,8 800-900 1100-1300 
SIC —60 300-320 1200-1300 
BeO —579,9 152 2500 
BeoC —948 780 2150 
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V3 TaOMMIbI BUAHO, YTO ONTHMAJIbHbIM HalosHUTeIb — ayiMa3. Y Hero JOCTaTOUHO HH3KOe 3Ha4YeHHe W3Me- 
HeHHa 9Heprun [u66ca, camoe Ooubuloe 3HaYeHHe MUKPOTBepAOCTH, HO HaMMeHbINad TeMIepaTypHad YCTOMYUBOCTE. 
Asma3 oOslaflaeT OoNbION alcopOuHoHHON cnocobuHoctsr0 [12] 1 HaHMeHee XHMHUCCKH AKTHBEH B CpaBHeHHH C Apy- 
rumu (tbopMaMn yrsuiepoya. HasBaHHble KavecTBa ABJIAIOTCA BaXKHBIMH IpCHMYIeCTBaMH Ip HCIOb30BaHHM aJIMa3a B 
KaueCcTBe YIpOUHUTeIA. 

Lemp paOoTpr — uccneqoBaHue ocoOeHHOCTeH MexaHH3MOB (OpMMpOBaHHA CTPyKTypbI MeTaJIIOMaTpHuHO 
KOMMO3HIHH. 

OGbexkTbI HcceqoBaHuA. B paOote UcHONb30BaIM CTaHJapTHyIO CBA3Ky — OIOBAHMCTyIO OpoH3y M2-01 
(20 mac. % onoBa, 80 % Men). B Hee 2oOaBIAIM yIbTpaqucnepcHbli npupogsHEMm amma3 (YJITA, 0,54 mac. %), a 
TalkoKe MOpowkKH (dpaxuuu 3/2 mx, 7/5 mKM, —40 MKM). 

Meroguka npopeyenua ucceqoBannit. [lopouKku upupogzuoro asmas3a (IIIA, @pakyuu 3/2 mx, 7/5 MkM, 
—40 mxm) uv cyOmuxponopomoKk YJIITA nomyyensi mpv nepepadorke ammMa30B Ha IpeznpuaTHH OAO «CaxazaliMoHy». 
Tlopolikn W3roTaBIMBasIMCb Ip OMTHMAJIbHbIX pexkKHMaX Ha JPOOMIbHO-KIaCCHPUKalHOHHOM OOopyOBaHHH H BHO- 
poctonax. Ha puc. 1 noKa3aHbl cTaqMu NowyYeHHA MOpOWIKOB. CHMMKM BBbITOJIHCHbI C MOMOLM[bIO pacTpOBOH 9y1eK- 
TPOHHOM MuKpockorHMH (PIM). 


fhe ¥ 
AccV SpotMagn WD /}————1 50um 
10.0kV5.0 500x 13.8 step4-1 
4 





Puc. 1. P9M-dororpabun: MekO3epHHCTOrO MOponika OT 7 MKM H MeHee (a); cyOMHKporopouika (6) 


J\na KnaccHpukalHu asIMa3HbIX MOPOLIKOB M0 3epHUCTOCTH MpHMeHANIM BHOpocnta. DusM4eckHe HM MexaHH- 
yecKHe XapaKTepHCTHKH H3FOTOBJICHHBIX OOpa3i{OB MCHBITBIBaIM 10 CTaHapTHbIM MeTOAMKaM. J\yIt B3BeLUMBaHHA HC- 
TIOb30BaIM JAaOOpaTOpHble IICKTPOHHbIe BecbI YeTBepToro Kacca BJITS-500. UnoTHocts p onpeyeasH MUKpoMet- 
pom MK 0-25 mm no TOCT 6507-78. 

Pe3y1bTaTbI UccAeqOBaHHA. TBepOcTb u3Mepssacb Ha mpHOope Equotip 3 dupmer Proceq mo cooTBeTcTBy- 
roujeHi MeToguKe TOCT. IIpeqen nponopywonanbHocTH pw cKaTHH HM MOJYiIb ypyrocTH onpeyeisIuch 10 
TOCT 25.503-97. PesynbtaTbl UCHbITAaHH MpHBeeHbI B Taos. 2. 



































TaOsmua 2 
Bamanue IITA na cbu3nKo-mMexannueckue cBolicTBa criaBa M2-01 
Ipenen @MaxtTuyeckaa Mone 
ypyrocru 
TIA, % Tlopuctocts, % Tgepyoctb, HB | nponopyHonambHocTu IWJIOTHOCTB 
Ip CKaTHH O,,, MIla p Kr/M3 se se 
P a ies Ec, MITa 
bo & < < < < < 
252/a}/e2/F | Blajyexi|Fle;yasyex {|F;  etya}teis = = 
Ei g < isa) ~ a = (sa) ~ ‘ S isa) ~ 7 S isa) ~ 7 St S 
0 41,0 | 41,0) 41,0} 41,0) 41 | 41 | 41 | 41 | 9,7 | 9,7 | 9,7 | 9,7 | 7560 | 7560 | 7560 | 7560 5735,94 
1 29,0 | 30,0 | 30,0 | 28,0 | 43 | 47 | 48 | 48 | 10,5] 11,5 | 11,0 | 11,5 | 7630 | 7620 | 7610) 7670 6771,03 
2 27,0 | 28,0 | 28,0 | 26,0 | 43 | 43 | 51 | 53 | 10,5] 11,5) 12,0 | 12,5 | 7710 | 7700 | 7760 | 7750 6953,50 
3 25,0 | 28,0 | 27,0 | 26,0 | 47 | 43 | 51 | 53 | 10,2 | 10,5 | 12,1 | 12,2 | 7730 | 7720 | 7770 | 7750 6580,27 















































UroOpl onpesesIHTb MOJYIb yIpyrocTu MU Mpese MpOMOpyMOHaIbHOCTH, OOpa3llbI CKUMAIIN Ha Mpeccax Jo 
OTHOCHTeJIBHO AesopmMauun, paBHon 15-16%, mp ckopoctu Harpyxeuna 0,2 KH/c. 
Tlopuctocts paccunTpiBasiu Yepes (baKTHYECKYIO HM TeOpeTHYeCKy!0 MIOTHOCTH 0 Popmyzie: 
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I1= (1 — p/px) x 100%, (1) 


rae p, — TeopeTuyeckaa (pacdeTHad) IIOTHOCTb OeclopucToro MaTepuasa; p — (akTuUYeCKad MIOTHOCTb UccIesye- 
Moro oOpa3ila. 
Teopetuyeckyto MIOTHOCTb HoyyaH 10 @opmysie: 
Pr = 100/(C;/p1 + Cy/p2 + C3/p3 + Ca/pa), (2) 


rye Ci, Ci, C3 u Cy — KonveHTpaunn Megu, onosa, IIIA u YA B nopomrkoBEIx CMecaX COOTBETCTBCHHO HX IIIOT- 
HOCTH P}, P2, P3 H P4. 

B pacueT MpHHATbI WIOTHOCTH: 
— mewb 8,96 x 103 xr/’, 
— onozo 7,28 x 103 xr/m°, 
— aymas 3,5 x 103 Kr/M’, 
— YJIIIA 3,1 < 103 xr/m’. 

OObem oOpa31l0B BEIUMCIAICA 10 cbopMysie: 

V=(m— m2) / Pix (3) 

rye V — o0bem mpeccoBKH; m, — Macca Ha BO3YXe; m2 — Macca B BOJe; P, — IWIOTHOCTb 2KHKOCTH. 

B mporecce uccieqOBaHHA BbIACHHWJIOCb, UTO C YMeHbICHHeM pa3Mepa (pak HalOHUTeIA HaOOMaeTCA 
ymyuleHue (pPH3HKO-MexaHHYeCKHX CBOMCTB CBA3KH, MOAMPHUMpOBaHHON aJIMa3HbIM MOpOUIKOM. 

3HayeHHA MOMYIA yIIpyrocTu ompeyeiauch Wat OOpasnoB c AoOaBnenuem YJIIIA u uucTow cBa3KH. 
Hansryuuime noKa3aTesIH JEMOHCTpHpyIoT OOpa3ubl c HanomHuTeseM u3 YJIIIA. B To xe Bpema paccMaTpHBaembIe 
(pH3HKO-MexaHH4deckHe CBOMCTBa YXYAMAlIOTCA, CCIM OObeM DOOaBIeHHEIx yacTun YJITA npesprmaet 2 %. 

Metannorpaduyeckue ccieqoBaHuA OOpa3l{OB MO3BOJIMJIM YCTaHOBUTb, KaKHM OOpa30M 4acTHIbl asIMa3a 
BJIMAIOT Ha CTpykTypy MaTpuupl. Ha puc. 2 mpexcTaBleHbI CHAMKH MUKPOCTpyKTyp ePopMupoBaHHBIx OOpa3lloB. 





Puc. 2. CHHMKU WIMdoBaHHOl NoBepxHocTu AedopMupoBaHHOro obpa3ila 
c WoOaBIeHHeM 2 % YacTHI aIMa3HbIxX MOPOWKOB pu yBemmuenuu x 1000 


Ha CHUMKax YeTKO pa3/IMYHMbI MUKPOCTPYyKTYpHble y3KHe HU pa3BeTBIICHHbIe OObeKTHI. HpeanomoxuTeIbHO, 
3TO paHUIbI MK Ty 3epHaMU WIM MUKPOTPeIMHbI, OOpa3s0BaBliveca Ip ZedopMupoBaHun. 

BHYTpH 3epeH TakxKe IIPHCYTCTBYIOT TOUCUHbIe MHKPOOOBEKTHI, OOpa3yrollMe Wuciepcuyro cyOctpyxtypy. Ho 
CpaBHeHHIO C TpaHH4uHO-paciipesesIeHHbIMU TOUCUHBIMUM OOBEKTAMH UX IWIOTHOCTh 3HAYNTeIbHO MeHbILe, HO OLLYTHMO 
OoubIle, 4eEM yY HCXOXHOM MaTPHUIbI, B KOTOPOM OTCYTCTBYIOT aJIMa3HBbIe HalOJIHHTeJIN. 

OcHOBBIBadch Ha pe3yIbTaTax MeTalIOrpapu4ecKHx HCCIeAOBaHHV, MOXKHO yTBepxKAaTb, YTO IPH yiupouHe- 
HMM MaTepvasia MaTpUUbI AevicTByIOT Ba MexaHH3Ma — JMcriepcHbiii HW 3epHOrpaHH4Hlit. 

Ecum peub uyeT 0 AMclepcHOM MexaHH3Me, OObeM BBOJMMOFO B MaTepHasl MaTPHIbI MOpoika MpuposHoro 


aJIMa3a MOXKHO paccuuTaTb 0 ypaBHeHuro Oposaua [13]: 


Gb x 
Gy = 2 kgin, (4) 


rae 4 — Omwxaiiiiee pacctosHue MexKAy YacTulamu; G — Mojysb cyBura Matpuli1; b — Bextop broprepca; ky — 
KOSPPUIMEHT, XapaKTePH3YIOWIMM TUM B3aMMOeCHCTBYIOIIUX ATOMOB C AMcoKaluen. 

BarOpaHbl cleqyrouue 3HayeHHa: G = 0,367x10° MIla aa Opox3pr; b = 2,564 A mia Mean; Ko3ddunuent ko 
paseu 0,85. 
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Brwxaiitiee cpeyquee paccTosHve MexK Ty YacTHUaMN B 3ABHCHMOCTH OT COLepxKaHuA U WMciepcHOcTH pacc4dH- 
TaHo 110 PopMysie, IpesTO#*XeHHON B [14]: 


i= (zosetns _ 1] d, (5) 


1,91Ly 
rye L;,— BecoBad TOMA HaNoNHUTeIA; d — [uaMeTp WIM TOIMIMHa YaCTHI HAaNOJHUTeNA. 
B ra6n. 3 npHBeyeHbI pacdeThI cpeqHero paccTOAHHA MEXKAY YaCTHUAMM HaNOMHUTeA B 3ABMCHMOCTH OT UX 
oObema H pa3Mepa. 
Tadsmmua 3 
bawxaiitiee cpeqHee paccTosHue MexK Ty YaCTHIAMHM HallOJHUTesA B 3ABMCHMOCTH OT HX OObeMa UH pa3Mepa HU yupod- 
HeHHe 110 ypaBHeHuro OposaHa pH BBeAeHHM YacTHL aiMa3za 





























3epHUCTOCTb 4acTHIL 7/5 3/2 —40 YA 
Cogep»xkaHue yacTun, % 1 2 3 1 2 3 1 2 3 1 2 3 
i, MKM 125,3 | 98,19 | 85,02 | 52,19 | 40,91 | 35,42 | 417,56 | 327,30 | 283,40 | 6,26 | 4,91 | 4,25 
Cy, MITa 0,13 | 0,16 | 0,18 | 0,28 | 0,35 | 0,40 | 0,04 | 0,05 | 0,06 | 1,91 | 2,38 | 2,70 
































PacueTHbIe JaHHbIe ObIIM NOACTaBIeHbI B ypaBHeHHe OposaHa, HW TaKUM 06pa30M OlpeseseHoO ympouHeHue 3a 
cueT BBeeHHA B MaTepHall MATPUIIbI YaCTHIL aIMa3HBIX MOPOIIKOB. 

CormacHo pacuetaM, HaHOosbllee ynpouHeHue JOcTHTaeTca pu BBeyqeHuM B MaTpuuy Y/JITIA, ato B wen0M 
HOATBepKWaeTCA IKCMEPHMCHTAIbHBIMH JaHHbIMH. 

IIpu u3MeHeHHU reoMeTpHH 3epHa 3a CUeT aTMOMepalluM YaCTUI HaNOHUTeNeH Ha TpaHulax pa3qella B MaTe- 
puale WemecooOpa3Ho paccduTbIBaTh H3MeHeHHe CBOCTB MaTepHalia COrmacHo Teopuu 3epHOrpaHv4Horo yiupodHe- 
Hua [15, 16]. 

Jlna onpeqeneHua KOMMYeCTBEHHOTO YBeIMYeHHA MPOFHOCTH MaTepHasa Ip TOOaBIeHMM YaACTHIL asIMa3HbIX 
HOPOLIKOB 3a CUT 3EPHOPaHHYHOLO yIpPOUHeHHA OBI NPOBeACHI pacueTbI 10 IMMMPHYeCKOMY COOTHOMIeHHIO Xo- 
gia — Ilerya [17]: 

Ao; = kd,~””, (6) 


rye k —xoodduunent Xosa — Ilerya qa WaHHoro Matepuasia; d, — pa3Mep 3epHa. 

J\na pacueToB MCHOMb30BaIHCb OOpa3lbl, MOKa3bIBaIOLHe HanOobiee YBeIMYeHHe MpOuHOCTH MO TeopHu 
Oposana. PacueTbl BbIMOJIHeHbI COracHO Ja@HHbIM, MOJIYYeHHbIM M10 HTOraM OOpaOoTKH CHHMKOB MHKPOCTpyKTypbI 
MOBeEpXHOCTH, 10 MeTOAHKe, Wpesox*KeHHOH B [18]. 

Koodoununent Xouna — Ilerua npumenen K Mequ. CorsacHo [19] oH aBaeTCA BeIMYHHOM MepeMeHHOH, 3a- 
BUCHT OT cpefHero pa3Mepa 3epHa M Bapbupyerca B npeyenax 0,01-0,24 Mna xm’. Pacuersr noKa3anu, 4TO 
HavOoNbliee ynpOuHeHHe JaeT BBeAeHHe B MaTepHall MATPHLUbI MOPOWKOB yIbTpayuciepcHoro ipHpozHoro asmma3a. B 
I[@JIOM, STO NOATBEPXKTaeTCA IKCHeCPHMECHTAJIBHBIMH JAHHBIMH. 

CpeqHuii pa3Mep 3epHa paccunTaH CorlacHo MeTasorpadH4eckuM HCCIeqOBaHHAM MOBEpXHOCTH OOpa3i{oB: 


‘(riss) 
dz = — (7) 

THe Soom — OOWMad WOW ATs OObEKTOB; Nogu, — KONMYCCTBO OObEKTOB. 

IIpu 3HayeHuu cpeyHero pa3Mepa 3epeH TopaqKa 10' mkm Kospduunent Xousa — Ilerua pape 1pHmMepHo 
0,01 Mna x Mm", 

Pacuetsi 10 cooTHOmeHuIO Xosma — IleTua cBuyeTeIbCTBYIOT 00 yBeIMYeHHH Ipeyela TekyyecTH MaTepua- 
Ja pH WoOaBIeHHH YaCcTHIL WOpouiKoB MpupozHoro amma3a. penen TekyyecTu WOCTMraeT MaKCHMAaJIbHOrO pacueTHO- 
TO 3Ha4veHHsl Ip coqepxKaHuN HanouHUTesten | % (puc. 3). 


15 


Aor, MIla 
Nn 


0 1 2 3 4 
Coyepxxanue YJITIA ,% 


Puc. 3. 3aBucHMOCTb ipeyesia TeKy4ecTH OT coxepxaHHaA YJITIA 
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OGcyxjeHve u 3akIO"eHHA. PacueTbl NOKa3asIN, YTO y OOpa3l[oB C FOOaBIeHHeM MOPOLIKOB MpHpOHbIX 
aJIMa30B pa3Mep 3epeH MCHbIle 10 CpaBHeHHIO C MCXOJHBIMH. ITOT :bakKT MOXKHO OOBACHUTH CIeAYIOWMM OOpa30M. 
UacTuubl aimMa3a, oceqad@ Ha rpaHuyax 3epeH MaTepHasia, CIOCOOCTBYIOT YMCHbINeHHIO HX CpeHero pa3Mepa. B pe- 
3YIbTaTe MCHACTCA TeEOMeTPHA TpaHH| MexKAy 3epHaMH, OOpa3yloTcA Oapbepbl WIA AMCOKalMi, U, Kak CyIeCTBHe, 
YCHJIMBaeTCA MOTCHI[MaIbHat CHOCOOHOCTb MaTepHasla COMpOTHBIIATBCA WWlacTHYeckon Aedopmauun. IIpeyen Texyye- 
CTH yBeIM4MBaeTca IpuMepHo Ha 12—13 MIIa, uro koppesmpyet c pacueTHbIMH JaHHBIMH, MOJYICHHbIMH TPH UCTOsIb- 
30BaHHM TeopHu Opopana Aid WuciepCcvoHHOorO ynpouHeHnua. Ec pedb WeT 0 NOUMKpUCTaIM4ecKOM MaTepnalsie, 
TO, B IpHHWMMe, Ipeyxe TeKyYeCTH yBeUIMYMBacTCA IPH YMCHbICHHM pasMepos 3epeH. JloOaBIeHHbIe B OObeEM MaTpH- 
I[bl YACTHIbI asIMa3a YBeIMYMBAA pees] TeKyYeCTH, T. K. MCHAIOT TEOMETPHIO 3epeH, YMeHbIlad UX CpeHIO!O IWIO- 
ab U pasMep. 

PacueTHble JaHHble OTJIMYAIOTCA OT 9KCIICPHMCHTAJIBHBIX, T. K. HOKA3bIBAIOT YBCJIM4eHHe YIpOUHeHHA MaTe- 
pHala MponopyvonabHO KOIM4YeCTBY BBOJMMBIX B OOBeM YacTH aMa3a. MoxHO mpeqNONOKMTb, YTO MOJeJIb 
yipounenua OpopaHa He y4HTbIBaeT OOpa30BaHHe yriepoya U armoMepaliMio aJIMa30B B OosIee KPyHHble OObEKTHI B 
oOObeMe MATPHUBI Mp MOBbIMICHHU KONM4eECTBA BBOAMMBIX aJIMa30B. 

YmMeuHbIeHHe KoMYeCcTBa Top IpH WoOaBneHuu uactuy YJIIA B komuyectBe 1—2 % MO2%KHO OOBACHHTE BBI- 
COKHMM COpOWMOHHBIMM CBOMCTBaMH HanomHHtTena. [pu cnekaHwH KOMMaKTOB, NOJYYCHHbIX Me€TOOM MOpOIKOBOM 
MeTasypruu, yactuypr YJIIA adOcopOupyroT KuCIOpod, coxepxKalliMiica B MOpOWKOBOH CMecH, C OOpa3z0BaHHem ra- 
30B-BOccTaHoBUTeeh CO u CO >. Stu ra3bI pa3spyllaloOT OKHCHY!O TIJICHKY, MOKPbIBaIOILy!O YACTHI[bI MOPOWKOBOM 
CMECH, H IIpelATCTBYIOT OKHCJICHHIO IPH ClleKaHHH, TEM CaMbIM YMCHbIat OOM OObEM Ta30B B HOPOLMIKOBOH CMecH. 
B To 2Ke BpeMA Ta3bI-BOCCTAHOBUTeIH YCKOPAIOT TIpolecc cilekaHua MaTepvasia. CoueTaHue 3TUX :bakKTOPOB B HTOre 
YMeHbIlaeT OCTATOUHYIO NOPUCTOCTb B MaTepHasie, YTO MOATBepxKAaeTCA HU pacueTHbIMM WaHHbIMH. Ecru x%xe OOBEM 
yactuy YJIIIA yocturaet 3 %, mpoucxoyuT yBeMueHHe CcozepxKaHuA yriiepoya B MaTepuasie. B pe3sybTaTe YacTHIbI 
HallOJIHHTEJIA MOJIHOCTBIO HE OKHCJIAIOTCA, TEM CaMBIM YBeJIMYMBAA KOJIMYECTBO T1Op B MaTepualie. 
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